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57 ABSTRACT

A method for exchanging heat between a primary fluid (W)
and a secondary fluid (X) and a heat exchanger for heat
exchange as well as an arrangement and a kit comprising a
heat exchanger. The heat exchanger comprises a first and a
second fluid circuit extending through the heat exchanger.
The heat exchanger further comprises a stack of fluid plates
and a membrane arranged between each of the fluid plates
where one interspace is formed between each fluid plate and
membrane. The first and the second fluid circuit are each
constituted by a passage extending through the fluid plates
and membranes and along the fluid plates and membranes in
atleasttwo interspaces. A primary fluid (W) is passed through
the first fluid circuit and a secondary fluid (X) is passed
through the second fluid circuit such that the primary fluid
(W) is passed along one side of a membrane and simulta-
neously the secondary fluid (X) is passed along the other side
of the membrane. Heat is thus exchanged between the pri-
mary fluid (W) and the secondary fluid (X) over the mem-
brane.

22 Claims, 20 Drawing Sheets
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HEAT EXCHANGER AND METHOD FOR
HEAT EXCHANGING

Cross Related Applications

This application is the US national phase of international
application PCT/EP2009/063148 filed 9 Oct. 2009 and
claims priority to Swedish Patent Application No. 0802131-3
filed 10 Oct. 2008 and U.S. Provisional Application No.
61/104,275 filed 100ct. 2008 which designated the U.S. and
the entire contents of each of these applications are hereby
incorporated by reference.

TECHNICAL FIELD OF THE PRESENT
INVENTION

The present invention relates to a heat exchanger, an
arrangement and a disposable kit including such a heat
exchanger and a method for exchanging heat between a pri-
mary fluid and at least a first secondary fluid.

BACKGROUND OF THE INVENTION

Treatment fluids required in treatment of a patient by con-
tinuous renal replacement therapy, hereinafter referred to as
CRRT, must often be stored in a temperature which is rela-
tively cold with respect to the patient’s body temperature.
Such fluids are typically stored at temperatures ranging from
2° to 20° Celsius in order to preserve the fluids in a state so
that the function and integrity of the fluid is maintained. For
this reason it is often desirable to heat the fluid to an appro-
priate temperature when introducing it into the patient’s body
to prevent any rapid decrease in the patient’s body tempera-
ture. For the same reason it is desirable to heat fluids that are
to be in contact with blood via a semi permeable membrane in
a blood treatment unit or the blood as such before the blood is
reintroduced to the patients body.

In dialysis treatment some heat is generally lost to the
environment from the blood circulating in an extracorporeal
circuit comprising a bloodline and a dialyzer in which the
blood is treated. Heat loss from the blood in the extracorpo-
real circuit, in time, results in loss of heat from the patient’s
body.

The continuous nature of CRRT increases the potential of
heat loss from the blood circulating in the extracorporeal
circuit and the patient may, under certain circumstances,
experience a depression of corporeal temperature. This is
especially significant when the treatment fluid has a tempera-
ture lower than the extracorporeally circulated blood.

Loss of heat from the extracorporeally circulated blood is
due to diffusion of heat either to the surrounding air or by
diffusion or convection to the effluent fluid. Effluent fluid is
constituted by the dialysis fluid used in the treatment in hemo-
dialysis (HD) mode as well as the fluid extracted in hemodia-
filtration (HDF) or hemofiltration (HF) mode. Effluent fluid is
sent to a drain whereby the heat diffused from the blood to the
effluent fluid is lost. Also the infusion of treatment fluid to the
blood may result in decreased temperature of the blood.

Usually the main part of the heat in the blood is lost to the
effluent fluid. A special challenge occurs during periods of
low blood flow, about 50 ml/min, since the temperature
decrease is larger compared with periods of medium blood
flows, in the range of 100-200 ml/min, or high blood flows, in
the range of 200-300 ml/min.

For this reason it is desirable in some CRRT treatments to
compensate for, or to reduce, heat loss from the extracorpo-
really circulating blood.
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Incase the treatment fluids are stored sterile in flexible bags
or rigid or semirigid containers it is a challenge to heat the
treatment fluid by means of devices requiring direct contact
with the fluid. To make sure that the extracorporeally circu-
lated blood is not severely affected the temperature of any
treatment fluid should not exceed 41° Celsius.

U.S. Pat. No. 6,349,170 discloses a renal replacement
therapy system comprising a blood warmer capable of being
attached to a renal replacement therapy monitor and a venous
line adapted to be received by and cooperate with the blood
warmer. The blood warmer comprises an external cylindrical
surface. The venous line is engaged helically on the cylindri-
cal surface serving as a heat exchanging section of the blood
warmer. A clam-shell helical sleeve is installed over the heat
exchange section to hold the venous line in place and to
improve the heat transfer characteristics from the heat
exchange section to the venous line.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a heat
exchanger, an arrangement and a disposable kit comprising a
heat exchanger, and a method for exchanging heat which
incorporates means and steps for compensating for some of
the heat lost from blood in an extracorporeal circuit.

One embodiment of the present invention makes use of the
fact that heat loss from the blood may be accepted to a certain
extent. For example a heat loss rate corresponding to an
energy loss in the range of 40 W may be accepted for an adult
patient.

The present invention is based on recovering the heat lost
from the blood to the effluent fluid. Thus, treatment fluids to
be infused to the blood or to dialyse the blood are heated by
means of the effluent fluid that in its turn has been heated by
the blood. The blood per se is not heated.

According to one embodiment of the invention the heat
exchanger is of plate type. The heat exchanger comprises a
first and a second fluid circuit. Optionally the heat exchanger
comprises a third fluid circuit. In a further embodiment the
heat exchanger comprises a fourth fluid circuit. The fluid
circuits are separate from each other and each extends
through the heat exchanger from one side to an opposite side.
Further the heat exchanger comprises a stack of fluid plates
and a membrane arranged between each of the fluid plates
such that one interspace is formed between one side of a fluid
plate and one side of a membrane. Each of the fluid circuits is
constituted by a passage extending through the fluid plates
and membranes and in at least two interspaces.

According to one embodiment of the invention the first
fluid circuit is constituted by a passage extending in at least
four interspaces.

According to one embodiment of the invention the first
fluid circuit is constituted by a passage extending in at least
eight interspaces, the second fluid circuit is constituted by a
passage extending in at least four interspaces and the third
fluid circuit is constituted by a passage extending in at least
four interspaces.

In one embodiment of the heat exchanger a multiple of
fluid plates with intermediate membranes are piled on top of
each other and arranged between an upper and a lower end
plate. The upper and lower end plates are a type of fluid plate
adapted for passing fluid on one side only. The respective end
plates are optionally integrated with each other to form a
housing enclosing the pile of fluid plates and membranes.

According to one embodiment of a method for exchanging
heat between a primary fluid and a secondary fluid in a heat
exchanger of the above mentioned type the primary fluid is
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passed through a first fluid circuit and the secondary fluid is
passed through a second fluid circuit. The method comprises
the following steps; passing the primary fluid along one side
of a membrane and simultaneously passing the secondary
fluid along the other side of the membrane and exchanging
heat between the primary fluid and the secondary fluid over
the membrane.

According to one embodiment of a method for exchanging
heat between a primary fluid and a first and a second second-
ary fluid in a heat exchanger of the disclosed type, the primary
fluid is passed through a first fluid circuit and the first sec-
ondary fluid is passed through a second fluid circuit and the
second secondary fluid is passed through a third fluid circuit.
The method according to this embodiment comprises the
following steps; passing the primary fluid along one side of a
first membrane and simultaneously passing the first second-
ary fluid along the other side of the first membrane and sub-
sequently passing the primary fluid along one side of a second
membrane and simultaneously passing the second secondary
fluid along the other side of the second membrane and
exchanging heat between the primary fluid and the first sec-
ondary fluid over the first membrane and exchanging heat
between the primary fluid and the second secondary fluid over
the second membrane.

In one embodiment of the method for exchanging heat
between a primary fluid and a first and a second secondary
fluid according to the present invention the primary fluid flow
is arranged to pass through the heat exchanger such that it
alternatingly heats the first and the second secondary fluid.
Optionally the primary fluid is arranged to heat also a third
secondary fluid in a corresponding way. The primary fluid
flow is optionally countercurrent to each of the secondary
fluid flows or countercurrent to at least one of the secondary
fluid flows.

The expression “alternatingly” as used herein is intended
to include the concept of heating by means of a primary fluid,
in a sequence, e.g. the first, the second, the first and the second
secondary fluid etc as well as in a sequence heating e.g. the
first, the second, the second and the first secondary fluid etc.
I.e. the expression “alternatingly” as used herein is intended
to include the concept of heating at least two secondary fluids
by means of one primary fluid where the fluid circuits of the
first and the secondary fluids are interlaced.

In one embodiment at least one of the fluid plates is pro-
vided with fluid channels on each of'its sides for passing fluid.
In one embodiment all of the fluid plates, but the upper and
lower end plate, are provided with fluid channels on both
sides.

In one embodiment at least one of the fluid circuits extends
from one side, e.g. the upper side of the heat exchanger, and
through all the plates and membranes to an opposite side of
the heat exchanger, e.g. the lower side of the heat exchanger.
In an alternative embodiment all the fluid circuits extends
from one side to an opposite side of the heat exchanger thus
maximizing the heat exchanging surface.

In one embodiment at least one of the fluid plates is ther-
mally isolating, i.e. non conductive. Alternatively at least one
of the fluid plates is thermally isolating only to such extent
that the heat exchange over the fluid plate does not substan-
tially influence the overall heat exchanging effect of the heat
exchanger. In one embodiment all of the fluid plates are
substantially thermally isolating or isolating.

By recovering the heat lost to the effluent fluid to heat the
treatment fluids the method results in reducing the heat loss
from the extracorporeally circulated blood in a continuous
renal replacement therapy (CRRT).
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According to one embodiment of the invention an arrange-
ment for a continuous renal replacement therapy (CRRT)
comprises a continuous renal replacement monitor with at
least one blood pump, at least one treatment fluid pump and
optionally an effluent pump. Such arrangement further com-
prises a disposable blood line associated with the monitor for
extracorporeally circulating blood by means of the blood
pump, a fluid distribution circuitry associated with the moni-
tor comprising a line for passing effluent fluid, optionally by
means of the effluent fluid pump, and at least one line for a
treatment fluid associated with the monitor for passing treat-
ment fluid by means of the treatment fluid pump. The treat-
ment fluid is prepared in advance and ready to use. The
arrangement also comprises a filtration unit arranged between
the blood line and the fluid processing circuit. The fluid dis-
tribution circuitry further comprises a heat exchanger that is
configured to be fluidly coupled to the effluent fluid line and
disposed in thermal relationship with the treatment fluid line
s0 as to provide for transfer of heat from the effluent fluid to
the treatment fluid to be heated.

Inthe embodiment described above where the arrangement
does not include any effluent pump, the pressure created by
the blood pump is relied on for passing the effluent fluid.
Optionally gravity facilitates passing of the effluent fluid.

According to one embodiment a disposable kit comprises a
support element, a blood line, a fluid distribution circuitry
comprising an effluent line and at least one treatment fluid
line. All the lines are associated to the support element and at
least each treatment fluid line having a U-shaped portion
designed to cooperate with a respective pump. A filtration unit
is associated with the blood line and with the fluid processing
circuit. The fluid distributing circuitry comprises a heat
exchanger that is configured to be fluidly coupled to the
effluent fluid line and disposed in thermal relationship with
the treatment fluid line so as to provide for transfer of heat
from the effluent fluid to the fluid to be heated.

The heat exchanger according to the present invention
performs throughout the whole range of flow rates viable for
heat exchanging between a primary fluid, e.g. an effluent
fluid, and at least one secondary fluid, e.g. a treatment fluid or
the blood fluid.

Further embodiments, features and advantages of the
invention will become apparent from the following descrip-
tion, the drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a CRRT flow diagram
according to prior art.

FIG. 2a schematically illustrates a CRRT flow diagram
comprising a heat exchanger for exchanging heat between
one primary fluid and two secondary fluids.

FIG. 2b schematically illustrates a CRRT flow diagram
comprising a heat exchanger for exchanging heat between
one primary fluid and blood.

FIG. 3a schematically illustrates a principle for a two cir-
cuit heat exchanger with two heat transferring membranes in
a principal cross sectional view.

FIG. 35 schematically illustrates a principle for a three
circuit heat exchanger with four heat transferring membranes
in a principal cross sectional view.

FIG. 3¢ schematically illustrates a principle for a three
circuit heat exchanger with eight heat transferring mem-
branes in a principal cross sectional view.

FIG. 4 illustrates one embodiment of a three circuit heat
exchanger.
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FIG. 5 illustrates the embodiment of the heat exchanger in
FIG. 4 with the comprised components retracted from each
other.

FIG. 6a, 65 illustrates an embodiment of a primary fluid
plate of the type shown in FIG. 5.

FIG. 7a, 7b illustrates an embodiment of a secondary fluid
plate of the type shown in FIG. 5.

FIG. 8 illustrates an embodiment of a membrane of the type
shown in FIG. 5.

FIG. 9 schematically illustrates a CRRT flow diagram
comprising a heat exchanger for exchanging heat between
one primary fluid and three secondary fluids.

FIG. 10a schematically illustrates a principle for a four
circuit heat exchanger with six heat transferring surfaces in a
principal cross sectional view.

FIG. 105 schematically illustrates a principle for a four
circuit heat exchanger with ten heat transferring surfaces in a
principal cross sectional view.

FIG. 11a-c show flow rates, temperatures and efficiency
curves related to a tested heat exchanger of the type illustrated
in FIG. 105.

FIG. 12 schematically illustrates an embodiment of a dis-
posable kit for a CRRT monitor comprising a heat exchanger
of the type shown in FIG. 4.

FIG. 13 schematically illustrates a kit according to FIG. 12
arranged on a CRRT monitor.

FIG. 14 schematically illustrates a principle for a four
circuit heat exchanger with nine heat transferring membranes
in a principal cross sectional view where the primary and
secondary fluid plates are identical.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a schematic arrangement for continuous
renal replacement therapy, CRRT. The arrangement com-
prises a blood circuit 1a for extracorporeally circulating
blood from a patient P through a first compartment 2a of a
filtration unit 2 by means of at least one blood pump 15 (by
way of example only one blood pump is shown). The first
compartment 2a of the filtration unit 2 is in FIG. 1 represented
by a single semipermeable membrane of hollow fiber type.
The arrangement further comprises an effluent line 3a for
transferring effluent fluid from a second compartment 26 of
the filtration unit 2 to an effluent fluid container 4 by means of
an effluent fluid pump 35. The arrangement comprises one or
more treatment fluid lines such as lines for passing fresh
dialysis fluid and/or replacement fluid and/or anticoagulation
fluid. The CRRT therapy is monitored and controlled by
means of a CRRT monitor (not shown). The monitor may be
microprocessor-based. The monitor may contain all logic and
receive and process commands by controlling valves (not
shown) and pumps, interpret sensors (not shown), activate
alarms and direct the operation of all aspects of the therapy
system.

CRRT may be carried out in three different modes depend-
ing on the principle for solute removal: hemodialysis (HD)
mode, hemofiltration (HF) mode and hemodiafiltration
(HDF) mode.

In HD mode, where the solute removal in the filtration unit
2 is based on diftusion, fresh dialysis fluid is transferred from
a dialysis fluid source 5 via a dialysis fluid line 6a by means
of a dialysis fluid pump 65 to the second compartment 254 of
the filtration unit 2. The dialysis fluid used in the filtration unit
2 is transferred to the effluent container 4 via the effluent line
3a by means of the effluent pump 35.

In HF mode, where the solute removal in the filtration unit
2 is based on convection, the filtrate, i.e. the liquid that has
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been filtered from the patients blood, through the semipermi-
able membrane, is transferred from the second compartment
25 of the filtration unit 2 to the effluent container 4 via the
effluent line 3a by means of the effluent pump 34. In order to
replace some of the filtrate and regain a normal body fluid
status of the patient, a replacement fluid from a replacement
fluid source 7 is infused into the blood line 14 at an infusion
point 1c¢ arranged upstream the filtration unit 2. The replace-
ment fluid is transferred to the infusion point 1¢ in the blood
line 1a via a replacement fluid line 8a by means of a replace-
ment fluid pump 85b. Alternatively the replacement fluid from
the replacement fluid source 7 is infused at an infusion point
1d downstream the filtration unit 2. The replacement fluid is
then transferred to the infusion point 14 via the replacement
fluid lines 8a, 8¢ by means of the replacement fluid pump 84.

The volume of replacement fluid is controlled by means of
the CRRT monitor such that it is less than the volume of
filtrate. In an alternative CRRT configuration the replacement
fluid is constituted by dialysis fluid in the dialysis fluid source
5 and transferred to the infusion point 14 in the blood line 1a
via the dialysis fluid lines 6a, 6¢ by means of the dialysis fluid
pump 64.

In HDF mode, where the solute removal is based on diffu-
sion and convection, both fresh dialysis fluid and replacement
fluid is made use of according to the principles described
above in connection with HD and HF mode.

In all three modes optionally an anticoagulant fluid from an
anticoagulation fluid source 9 is infused into the blood line 1a
at an infusion point 1e arranged upstream the bloodpump 15.
The anticoagulant fluid is passed to the infusion point le via
an anticoagulation line 10a by means of an anticoagulation
fluid pump 1064.

The respective sources for dialysis fluid 5, replacement
fluid 7 and anticoagulant fluid 9 may all be in the form of
containers with sterilized and ready for use fluids that are
prepared in advance. Each container may contain a volume of
fluid in the range of 1-10 liters. The container may be flexible,
rigid or semirigid.

The dialysis fluid, the replacement fluid and the anticoagu-
lant fluid may all be cold fluids relatively to the effluent fluid.
Also the blood may be colder than the effluent fluid. The
present invention suggests to make use of the temperature
difference between the effluent fluid and one or more of the
following fluids: dialysis fluid, replacement fluid, anticoagu-
lant fluid, blood fluid and blood plasma. The temperature
difference is made use of such that the warmer effluent fluid is
used to warm one or more of the colder fluids. The warming
takes place in a heat exchanger arranged in thermal relation-
ship with the effluent fluid so as to provide for transfer of heat
from the effluent fluid to the colder fluid to be heated. The
relatively warmer fluid and the relatively colder fluid will
hereinafter be referred to as the primary fluid and the second-
ary fluid respectively.

FIG. 2a shows a schematic view of a CRRT arrangement,
initially described in connection with FIG. 1, comprising a
heat exchanger 11 suitable for heating at least a first and
optionally also a second secondary fluid by means of one
primary fluid. The primary fluid may be the effluent fluid
extracted from the filtration unit 2 and the first secondary fluid
may be the fresh dialysis fluid stored in the dialysis fluid
source 5 and the second secondary fluid may be a replacement
fluid stored in the replacement fluid source 7. Alternatively a
replacement fluid is stored also in fluid source 5.

FIG. 2b shows a schematic view of a CRRT arrangement,
initially described in connection with FIG. 1, comprising a
heat exchanger 11 suitable for heating blood by means of one
primary fluid. The primary fluid may be the effluent fluid
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extracted from the filtration unit 2. The heat exchanger may
be of plate type or hollow fiber type where the hollow fibers
may be of semipermeable or non permeable type.

In FIG. 3a is shown an embodiment of the principle of the
internal structure of the heat exchanger 11. In this embodi-
ment is comprised a first and a second secondary fluid plate in
the form of end plates 14, 15 and a primary fluid plate 12
arranged therebetween. The fluid plates 12, 14, 15 are sub-
stantially thermally isolating. Membranes 16 are arranged
intermediate the plates 12, 14, 15. A first fluid circuit 19 is
adapted for passage of a primary fluid W and a second fluid
circuit 20 is adapted for passing a secondary fluid X such that
heat exchange between the primary fluid W and the secondary
fluid X takes place over each of the thermally conductive
membranes 16.

In use the primary fluid W enters, according to the orien-
tation shown, the heat exchanger 11 via the first inlet port 3¢
at the upper right end. The primary fluid W is passed through
the first end plate 14, the first membrane 16a and the primary
fluid plate 12 to a first interspace for primary fiuid 17a. The
primary fluid W is then passed in the first interspace 17a from
the right in the FIG. 3a to the left and through the primary
fluid plate 12 to the second interspace for primary fluid 174.
The primary fluid W is then passed in the second interspace
175 from the left in the FIG. 3a to the right and through the
primary fluid plate 12, the second membrane 165, through the
second endplate 15 and out through the first outlet port 34.

In the embodiment shown the primary fluid W and the
secondary fluid X are arranged to flow in a counter current
direction. The secondary fluid X is heated by means of the
primary fluid W over two separate heat exchanging surfaces,
i.e. membranes 16a, 165.

Simultaneously, the secondary fluid X is let in through the
second inlet port 6¢ arranged at the lower left side of the heat
exchanger 11 and through the second end plate 15 to the first
interspace for secondary fluid 18a. The secondary fluid X is
then passed in the first interspace 18a from the left side in the
FIG. 3a to the right and through the second membrane 165,
the primary fluid plate 12, the first membrane 16a to the
second interspace for secondary fluid 186. The secondary
fluid X is then passed into the second interspace 185 from the
right in the FIG. 3a to the left and through the first end plate
14 and out through the second outlet port 6d.

In FIG. 35 is shown an embodiment of the principle of the
internal structure of the heat exchanger 11 for a CRRT
arrangement according to FIG. 2a. The heat exchanger 11 has
three separate fluid circuits, i.e. a first, a second and a third
fluid circuit 19, 20, 21 for a primary fluid W and a first and a
second secondary fluid X, Y. According to the orientation of
the principle shown in FIG. 35, the internal structure com-
prises a package of plates 12-15 where the plates are stacked
on top of each other with a membrane 16 arranged between
each plate. The membranes 16 are fluid tight and non-perme-
able. The membranes will hereinafter generally be referred to
as membranes 16 and for detailed reference provided with an
accompanying letter 16a, 165, 16¢ etc.

The plates are of a first and a second design respectively.
The plate of the first design is designed for passing the pri-
mary fluid W on its upper and lower side and for passing
primary fluid W through the same. The plates of the first
design will hereinafter generally be referred to as primary
fluid plates 12 and for detailed reference provided with an
accompanying letter 12a, 125, 12¢ etc. The plate of the sec-
ond design is designed for passing the respective secondary
fluids X, Y on its upper and lower side and for passing the
secondary fluid X, Y through the same. The plates of the
second design will hereinafter generally be referred to as
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secondary fluid plates 13 and for detailed reference provided
with an accompanying letter 13a, 135, 13¢ etc.

The primary fluid plates 12 and the secondary fluid plates
13 are arranged in an alternating order between a first end
plate 14 and a second end plate 15. The first and the second
end plate 14, 15, being a further type of fluid plate, has at least
one side designed for passing a primary or a secondary fluid
W, X, Y.

In FIG. 35 the plates 12,13, 14, 15 and the membranes 16
are for the sake of clarity shown in a position where they are
retracted from each other.

The plates 12-15 and membranes 16 have a generally rect-
angular form and a uniform outside dimension and the
peripheries of adjacent plates are, via the intermediate mem-
brane, connected in a fluid tight manner. In an alternative
embodiment (not shown) the plates 12-15 and the membranes
16 may instead of the generally rectangular form have a
generally octagonal form.

Each of the plates 12, 13, 14, 15 has at least one side
provided with supporting ridges 23a, shown in FIGS. 5 and
6a, 6b,7a, 7b, which together with the adjacent membrane 16
and adjacent plate form interspaces for passage of the fluids
through the respective fluid circuit 19, 20, 21 through the heat
exchanger 11. Thus, the heat exchange between the primary
fluid W and the secondary fluids X, Y takes place over each of
the membranes 16.

Each of the plates 12, 13 and at least one of the endplates
14, 15 has at least one side provided with sealing ridges 235,
shown in FIG. 5, 6a, 7a which together with the adjacent
membrane 16 and adjacent plate provide a fluid tight seal
between adjacent plates.

The interspace for delimitation of a flow passage for the
primary fluid W will hereinafter generally be referred to as the
interspace for primary fluid 17 and for detailed reference
provided with an accompanying letter 17a, 175, 17¢ etc. The
interspace for delimitation of flow passages for the first or the
second secondary fluid, X, Y will hereinafter generally be
referred to as the interspace for secondary fluid 18 and for
detailed reference provided with an accompanying letter 18a,
185, 18¢ etc.

The principle embodiment of the internal structure of the
heat exchanger 11 shown in FIG. 35 comprises a first inlet
port 3¢ for inlet of the primary fluid W, and a first outlet port
3d for outlet of the same, a second inlet port 6¢ for inlet of a
first secondary fluid X, a second outlet port 64 for outlet of the
same, a third inlet port 8¢ for inlet of a second secondary fluid
Y and a third outlet port 84 for outlet of the same. The ports
are arranged such that the upper end plate 14 is provided with
the first inlet port 3¢ and the second and the third outlet ports
6d, 84 and the lower end plate 14 is provided with the first
outlet port 34 and the second and the third inlet ports 6¢, 8c.

The first fluid circuit 19 is arranged connecting the first
inlet port 3¢ and the first outlet port 3d. The second fluid
circuit 20 is arranged connecting the second inlet port 6¢ and
the second outlet port 64. The third fluid circuit 21 is arranged
connecting the third inlet port 8¢ and the third outlet port 84.
In further detail the first fluid circuit 19 passes through the
plates 12a-b, 13a, 14, 15 and the membranes 16a-d and along
the interspaces for primary fluid 17a-d. The second and the
third fluid circuits 20, 21 passes through the plates 12a-b, 134,
14, 15 and the membranes 16a-d and along at least some of
the interspaces for secondary fluid 18a-d Each of the inlet and
outlet ports 3¢, 3d, 6¢, 6d, 8c, 8d are attached to lines or the
like (not shown) for delivery or withdrawal of fluids W, X, Y.

Thus, each of the the primary fluid plates 12a-b the first
secondary fluid plate 134, the end plates 14, 15 and the mem-
branes 16a-d are provided with portions of the first, second
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and third fluid circuit 19, 20, 21 in the form of throughgoing
ports 24, shown in FIGS. 5 and 6a, 65, 7a, 7b, for allowing
fluid passage. The interspaces 17, 18 formed between the
respective side of a fluid plate 12-15 and a membrane 16
constitutes the heat changing portions of the respective fluid
circuit 19, 20, 21, 28.

Inuse the embodiment of a heat exchanger 11 according to
FIG. 36 allows the primary fluid W and the first and the
second secondary fluids X, Y to flow in such a way that the
primary fluid W alternatingly heats the first and the second
secondary fluid X, Y.

In summary the primary fluid W passes over both sides of
each of the two primary fluid plates 124, 125 along its way
through the first fluid circuit 19. The first secondary fluid X
passes over both sides of one secondary fluid plate 13a along
its way through the second fluid circuit 20. The second sec-
ondary fluidY passes over one side of the respective first and
second end plate 14, 15 along its way through the third fluid
circuit 21.

The heat exchanger 11 has, according to the orientation
shown in FIG. 3b, an upper and a lower end and a left and a
right side. When the heat exchanger 11 according to the
embodiment shown in FIG. 35 is in use, the primary fluid W
is let in on the upper end of the heat exchanger through the
first inlet port 3¢ to the right and passed via the first fluid
circuit 19 through the first end plate 14, the first membrane
16a and the first primary fluid plate 124 to the first interspace
for primary fluid 17a. The primary fluid is then passed along
the first interspace for primary fluid 17a from the right in the
FIG. 3510 the left and through the first primary fluid plate 12«
to the second interspace for primary fluid 176 and along the
second interspace for primary fluid 1756 from the left in the
FIG. 35 to the right. The primary fluid is then passed through
the first primary fluid plate 124, the second membrane 165,
the first secondary fluid plate 13a, the third membrane 16c¢,
and the second primary fluid plate 125 to the third interspace
for primary fluid 17¢. The procedure is then repeated accord-
ing to the above until the primary fluid exits the second end
plate 15 through the first outlet port 34 on the lower, right end
of the heat exchanger 11.

According to the embodiment shown in FIG. 35 the first
secondary fluid X to be heated by the primary fluid W is letin
through the second inlet port 6c¢ at the lower, right end of the
heat exchanger and passed via the second channel 20 through
the second end plate 15, the fourth membrane 164, the second
primary fluid plate 126 and the third membrane 16¢ to the
second interspace for secondary fluid 185. The first secondary
fluid X is then passed along the second interspace for second-
ary fluid 186 from the right in the FIG. 35 to the left and
through the first secondary fluid plate 13« to the third inter-
space for secondary fluid 18¢ and along the third interspace
for secondary fluid 18¢ from the left in the FIG. 36 to the right.
The first secondary fluid is then passed through the second
membrane 164, the first primary fluid plate 124, the first
membrane 16a, the first end plate 14 and through the second
outlet port 64 on the upper, right end of the heat exchanger 11.

According to the embodiment shown in FIG. 35 the second
secondary fluid Y to be heated by the primary fluid W is let in
through the third inlet port 8¢ on the lower, left end of the heat
exchanger 11 and passed via the third channel 21 through the
second end plate 15 to the first interspace for secondary fluid
18a and along the first interspace 18a from the left side in the
FIG. 354 to the right side and then through the fourth mem-
brane 164, the second primary fluid plate 124, the third mem-
brane 16¢, the first secondary fluid plate 134, the second
membrane 165, the first primary fluid plate 124 and the first
membrane 164, to the fourth interspace for secondary fluid
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18d. The second secondary fluid is then passed along the
fourth interspace for secondary fluid 184 from the right in the
FIG. 3ato theleft and through the first end plate 14 whereafter
it exits through the third outlet port 84 on the upper, left end
of the heat exchanger 11.

According to the embodiment shown in FIG. 35 each sec-
ondary fluid X, Y is heated over two separate membranes 16
by means of the primary fluid flow W.

When the heat exchanger 11 according to the embodiment
shown in FIG. 35 is in use the primary fluid W is arranged to
flow in a direction countercurrent to the first and the second
secondary fluids X, Y through separate but adjacent compart-
ments in the form of the interspaces 17, 18 for primary fluid
and for secondary fluid respectively. L.e. the primary fluid in
one interspace e.g. 17d flows through the heat exchanger 11 in
a direction opposite to the flow of the secondary fluid in an
adjacent interspace, 185. The invention is however also appli-
cable to a concurrent flow configuration.

The fluid flow, of at least one of the primary fluid W and the
secondary fluid X, Y, is mostly laminar. Some turbulence is
created in the flow in the area of passage of a fluid W, X, Y
from one side of a plate 12-15 to the opposite side of the same
plate.

In FIG. 3¢ is shown an embodiment with an increased
number of heat exchanging areas, i.c. membranes 16. More
precisely the heat exchanging areas are eight instead of four
as shown in FIG. 3b4. The number of primary fluid plates 12
and secondary fluid plates 13 are increased accordingly. The
principle corresponds to the one described in connection with
FIG. 36 and the same reference numbers have been used for
corresponding features. According to the embodiment shown
in FIG. 3¢ each secondary fluid X, Y is heated over four
separate membranes 16.

In the embodiment of the heat exchanger 11 shown in
FIGS. 36 and 3¢ the primary fluid is arranged to heat a
secondary fluid, e.g. a first secondary fluid X in every second
layer of primary and secondary plates 12, 13. The flow cir-
cuits 19, 20, 21 of the primary fluid W and the first and the
second secondary fluids X, Y are interlaced such that the
primary fluid W on one side of a primary plate 12 heats the
first secondary fluid X and on the other side of the same
primary plate heats the second secondary fluid Y.

The embodiment shown in FIG. 3¢ has, when using details
of dimensions corresponding to those used for the embodi-
ment shown in FIG. 35 a higher efficiency than the embodi-
ment shown in FIG. 35 as the heat transfer area is increased.
When designing a heat exchanger according to the above
principle for a specific application the heat transfer area and
the required efficiency has to be balanced.

In assembly the package of plates 12,13, 14, 15 and mem-
branes 16 may be arranged in a housing, 25 according to F1G.
4. The housing 25 may be provided with reinforcing fins 26.
An embodiment of a housing 25 is shown in more detail in
FIG. 5.

In FIG. 5 is shown an exemplary heat exchanger 11 based
on the principles shown in FIG. 3c¢. In FIG. 5 the heat
exchanger 11 is shown in perspective view and with the
comprised components retracted. The reference numbers
used correspond to those used in connection with FIG. 3c.
The components will be described in further detail in connec-
tion with FIGS. 5-8.

The housing 25 according to this embodiment is consti-
tuted with the first and the second end plates 14, 15 being
integrated parts. More specifically the housing 25 in one
embodiment is constituted by the second endplate 15 pro-
vided with side walls 15a-d for connecting with the first end
plate 14. The walls 15a-d may be connected with the first end
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plate 14 by means of e.g. welding, moulding or gluing. Alter-
natively the walls 15a-d may be connected with the first end
plate 14 by means of a fixation structure (not shown).

An example embodiment of the primary fluid plate 12 is
shown in further detail in FIGS. 6a, 65. An example embodi-
ment of the secondary fluid plate 13 is shown in further detail
in FIGS. 7a, 7b.

Each primary and secondary fluid plate 12, 13 is on each
side, i.e. on the upper and the lower side, provided with
channels 24 provided between the supporting ridges 23a. The
channels 24 together form the primary and secondary fluid
interspaces 17, 18. One side of the respective plate 12, 13 is
also provided with a piling ridge 27a along its perimeter
mating with a piling recess 275 on an adjacent plate 12, 13
such that the plates 12, 13 when piled are placed in a fixed
position. The respective end plate 14, 15 is on one of its sides
provided with corresponding supporting ridges 23« and pil-
ing ridges 27a or piling recesses 275, indicated in FIG. 5.
Further, each primary and secondary fluid plate 12, 13 is
provided with a plurality of through going ports 24.

The supporting ridge 23a on the primary fluid plate 12 and
the corresponding supporting ridge 23a on the adjacent sec-
ondary fluid plate 13 or on either of the endplates 14, 15 are
arranged to face each other and to cooperate. Generally at
least one side of the primary and secondary plates 12, 13 are
provided with supporting ridges 23a having a flow distribut-
ing function or a flow collecting function. The supporting
ridges 23a on two adjacent plates 12, 13, 14, 15 cooperate
such that the flexible membrane 16 between the plates 12,13,
14,15 is supported in a position between the plates 12, 13, 14,
15. Thus, the membrane 16 is prevented from deflecting and
thereby restraining the flow of the primary fluid W or any of
the secondary fluids X orY.

At least one side of each of the primary and secondary
plates 12, 13 is provided with sealing ridges 235. The sealing
ridges extend such as to enclose the fluid carrying part of the
respective plate and optionally also around the through going
ports 24. Sealing between a membrane 16 and the sealing
ridges 235 of the respective adjacent plates 12, 13 is provided
when the plates 12, 13, and membranes 16 are arranged on top
of'each other and pressed together between the end plates 14,
15. At least the lower end plate 15 is provided with a sealing
ridge 235 sealing against the fourth primary plate 124 via the
membrane 16% (see FIG. 5). In this way adjacent plates 12-15
are connected in a fluid tight manner.

The end plates 14, 15 may be more rigid than the primary
fluid plates 12 and the secondary fluid plates 13.

The first, second and third fluid circuit 19, 20, 21 respec-
tively, are arranged at the respective right and left side of the
heat exchanger in order to provide as large an area as possible
for fluid carrying and thereby heat transfer.

In FIG. 8 is shown an example of an embodiment of a
membrane 16 with a plurality of through going ports 24 that
is used in the heat exchanger 11 shown in FIG. 5.

The supporting ridges 23a, sealing ridges 235, channels 26,
piling ridges 27a and piling recesses 275 may be designed in
a wide range of different patterns.

The membranes 16 may be punched from a physiologically
acceptable and flexible film material with relevant heat trans-
fer coefficient such as High Density or Low Density Polyeth-
ylene or laminated Polyethylene.

The primary fluid plates 12 and the secondary fluid plates
13 may be manufactured by means of injection-moulding in a
physiologically acceptable material such as Low Density
Polyethylene (LDPE).
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The housing may be manufactured in e.g. Polycarbonate
(PC), Styrene-Acrylonitrile (SAN), Thermoplastic Polyure-
thane or Acrylonitrile-Butadiene-Styrene (ABS).

As mentioned above the heat exchanger 11 may be dispos-
able. However, the materials for the components of the heat
exchanger 11 may be chosen such that the heat exchanger 11
may be cleaned or disinfected and reusable.

FIG. 9 shows a schematic view of a CRRT arrangement
comprising a heat exchanger 11 suitable for heating a first, a
second and a third secondary fluid X, Y, Z by means of one
primary fluid W. The primary fluid W may be the effluent fluid
extracted from the filtration unit 2 and the first secondary fluid
X may be the fresh dialysis fluid stored in the dialysis fluid
source 5, the second secondary fluid Y, may be a replacement
fluid stored in the replacement fluid source 7 and the third
secondary fluid Z may be an anticoagulant fluid from an
anticoagulation fluid source 9.

In FIG. 10a is shown an embodiment of the principle of the
internal structure of the heat exchanger 11 for a CRRT
arrangement according to FIG. 9. The principle shown in FIG.
10a comprises four separate fluid circuits 19, 20, 21 and 28
for heat exchange between a primary fluid W and three sec-
ondary fluids X, Y, Z. Components corresponding to those
shown in FIG. 3a, 36 have been given the corresponding
reference numbers. Further the heat exchanger 11 comprises
a fourth inlet port 10c for inlet of third secondary fluid Z, and
a fourth outlet port 104 for outlet of the same. The principle
shown in FIG. 10a comprises six heat transferring areas, i.e.
membranes 16, three primary fluid plates 12 and two second-
ary fluid plates 13 and a top plate 14 and a bottom plate 15.

According to the embodiment of a heat exchanger 11
according to FIG. 104 the primary fluid flow W is arranged to
alternatingly heat the first, the second and the third secondary
fluid X, Y, Z.

In summary the primary fluid W passes over three primary
fluid plates 12a, 125, 12¢ along its way through the first fluid
circuit 19. The first secondary fluid X passes over both sides
of one secondary fluid plate 134 along its way through the
second fluid circuit 20. The second secondary fluid Y passes
over both sides of one secondary fluid plate 13a along its way
through the third fluid circuit 21. The third secondary fluid Z
passes over one side of the respective first and second end
plate 14, 15 along its way through the third fluid circuit 28.

The embodiment in FIG. 104 shows that the primary fluid
W is arranged to flow in one interspace e.g. 17a between a
second membrane 165 and a first primary fluid plate 12a ina
direction opposite to the flow of the primary fluid in an inter-
space, 17b arranged on the other side of the same primary
fluid plate 12a. In addition the secondary fluids X, Y, Z are
arranged to be heated alternatingly such that the heat from the
primary fluid W is distributed more evenly between the
respective secondary fluid X, Y, Z than if the secondary fluids
had been heated one after the other (i.e. not alternatingly). The
alternating way of heating the secondary fluids is also more
efficient since a larger fraction of the heat in the primary fluid
W is transferred to the secondary fluids X, Y, Z. The alternat-
ing way of heating the respective secondary fluid X, Y, Z
results in that the temperature difterence between the primary
fluid W and any of the secondary fluids X, Y, Z is maximized
through the complete heat exchanger 11, i.e. the primary fluid
W more or less heats each secondary fluid X, Y, Z to the same
extent. According to the embodiment shown in FIG. 10a each
secondary fluid X, Y, Z is heated over two separate mem-
branes 16.

In FIG. 104 is shown an embodiment with an increased
number of heat exchanging areas, i.c. membranes 16. More
precisely the heat exchanging areas are ten instead of six as
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shown in FIG. 10a. The number of primary fluid plates 12 and
secondary fluid plates 13 are increased accordingly. The prin-
ciple corresponds to the one described in connection with
FIG. 10a and the same reference numbers have been used for
corresponding features. According to the embodiment shown
in FIG. 104 the first and the third secondary fluid X, Z are
heated over three separate membranes 16 and the second
secondary fluidY is heated over four separate membranes 16.

In the embodiment shown in FIGS. 356, 3¢, 10a and 105 the
primary fluid W is let in from the top of the heat exchanger 11
and the secondary fluids X, Y, Z are let in from the bottom of
the heat exchanger 11. The suggested design shown in FIGS.
3a,3b,10a and 105 results in the flow direction of the primary
fluid W and any secondary fluid X, Y, Z being counter current.
Italso results in that the heat transferring membranes 16 close
to the respective outlet 6d, 84, 10d for the secondary fluids X,
Y, Z are heated by a warmer primary fluid W than the mem-
branes closer to the inlet for the secondary fluids 6c, 8¢, 10c.
In this way the heat energy in the primary fluid W is utilised
in an efficient way.

In the embodiment according to FIG. 34, 3¢, 10a, 105 the
flow of primary fluid W on one side of a membrane 16 is
counter current to any of the secondary fluids on the other side
of the same membrane 16.

Heat transfer efficiency of the heat exchanger 11 is depen-
dent on the material chosen for the membranes 16, as well as
the thickness of the material, the width, depth and length of
the flow path and the area available for heat transfer. Consid-
eration of heat transfer efficiency, however, must be balanced
with the unfavorable pressure drop through the heat
exchanger 11.

An exemplary embodiment A of the heat exchanger 11 of
the type shown in FIG. 105 having four fluid circuits 19, 20,
21, 28 and ten heat exchanging surfaces, i.e. membranes
16a-j, has the following dimensions and choice of material.

Width Length Height
Embodiment A (mm) (mm) (mm) Material
Primary 93.5 133 225 LDPE
plate 12
Secondary 93.5 133 225 LDPE
plate 13
Bottom 96.5 136 31.75 PC
plate 15
Top plate 14 96.5 136 925 PC
Membrane 16 89 1285 0.1 Laminated PE

The exemplified embodiment A is suitable for sterilizing
with ETO.

The exemplified embodiment A has been tested in an HDF
treatment. Test results are shown in FIG. 11a-c. InFIG. 11a is
shown a diagram where the y-axis indicates flow rates, Q in
ml/hour for the primary and the secondary fluid flows into the
heat exchanger 11 and in ml/minute for the extracorporeal
blood flow rate Qb and the x-axis indicates the time, t in
minutes. The diagram shows a treatment made in five differ-
ent modules. The first module starts at 15 minutes and ends at
80 minutes. The second module starts at 80 minutes and ends
at 105 minutes. The third module starts at 105 minutes and
ends at 160 minutes. The fourth module starts at 160 minutes
and ends at 220 minutes. The fifth module starts at 220 min-
utes and ends at 270 minutes. Replacement fluid and antico-
agulant fluid is used in addition to the dialysis fluid. The flow
of the respective fluid, i.e. flow of dialysis fluid, QY, flow of
replacement fluid, QZ, and flow of anticoagulation fluid, QX
varies between the modules. The effluent flow is not shown in
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the diagram but corresponds to the sum of the respective fluid
flow, i.e. the sum of QY, QZ and QX i.e in the test there is no
fluid removal from the blood. The extracorporeal blood flow,
Qb varies between the first two and the last three modules.
The curves in the diagram have the following references:

Qb=extracorporeal blood flow

QY=dialysis fluid flow

QZ=replacement fluid flow

QX=anticoagulant fluid flow

In FIG. 115 is shown a diagram where the y-axis indicates
temperature, T, in ° C. and the x-axis indicates the time, t, in
minutes. It is shown that the room temperature is about 23° C.
(Troom) and the temperature of the effluent fluid is about
33-35° C. (TWin) when entering the heat exchanger 11 and
about 25° C. (TWout) when it exits the heat exchanger 11. In
this example the fresh dialysis fluid, the replacement fluid and
the anticoagulant fluid all have room temperature when enter-
ing the heat exchanger 11. When these fluids are heated in the
heat exchanger 11 they reach a temperature in the range of
27-31° C. In connection with change of treatment module
there is a temporary disturbance in the temperature measure-
ment. The curves in the diagram have the following refer-
ences:

TWin=temperature of the effluent fluid, i.e. the primary

fluid W entering the heat exchanger 11

TWout=temperature of the effluent fluid, W exiting the

heat exchanger 11
TYout=temperature of the heated fresh dialysis fluid, Y
when leaving the heat exchanger 11
TZout=temperature of the heated replacement fluid, Z
when leaving the heat exchanger 11
TXout=temperature of the heated anticoagulant fluid, X
when leaving the heat exchanger 11

In FIG. 11¢ is shown a diagram where the y-axis indicates
temperature efficiency, 1 in % and the x-axis indicates time,
tin minutes. It is shown how much of the increased tempera-
ture of the primary fluid W that is recovered, i.e. the heat
exchanging efficiency. The heat exchanging efficiency, n var-
ies mainly between 74 and 85% over the measured time
period. In connection with change of treatment module there
is a temporary disturbance in the efficiency measurement.

The suggested interlaced fluid circuits 19, 20, 21, 28 utilize
the heat energy in the primary fluid W in a way that is more
efficient than passing the primary fluid W through e.g. three
separate heat exchangers of plate type arranged in series
where one secondary fluid X, Y, Z is heated by the primary
fluid W in each of the respective serially arranged heat
exchangers 11.

The disclosed heat exchanger with three or four fluid cir-
cuits is suitable also for heating one secondary fluid only (e.g.
X) by means of a primary fluid W. Thus only one of the fluid
circuits 20, 21, 28 is filled with a secondary fluid and the other
one or two fluid circuits is (are) empty.

In an alternative use of the three circuit heat exchanger 11
the method comprises the step of dividing the primary fluid W
in two circuits to improve the heat transfer capacity to one
secondary fluid. Alternatively the primary fluid W is the fluid
to be heated by the secondary fluid.

In an alternative use of the four circuit heat exchanger 11
the method comprises the step of dividing the primary fluid W
in three circuits to improve the heat transfer capacity to one
secondary fluid. Alternatively the primary fluid W is the fluid
to be heated by the secondary fluid.

In the above disclosed embodiments the first, second and
third secondary fluids X, Y, Z are described as flowing in
second, third and fourth fluid circuits 20, 21 and 28 respec-
tively. However, the first secondary fluid X may as well flow
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in the third or fourth fluid circuit 21, 28 and the second
secondary fluid Y may as well flow in the second or the fourth
fluid circuit 21, 28 etc.

In FIG. 12 is shown a principal scetch of a disposable kit in
the form of an integrated fluid treatment module comprising
a blood line 1a, and a fluid distribution circuitry comprising
an effluent line 3a, multiple treatment fluid lines 6a, 8a, 10a
and a heat exchanger 11 that is fluidly coupled to the effluent
fluid line 3¢ and disposed in thermal relationship with the
treatment fluid lines 6a, 8a, 10a so as to provide for transfer
of heat from the effluent fluid to the treatment fluid. In one
embodiment of the invention the heat exchanger 11 is one of
the herein disclosed embodiments. The lines all have at least
aportion forming a U-shaped line length 31, 32, 33, 34, 35 to
cooperate with the respective pump, i.e. with the blood pump
15, the effluent fluid pump 34, the dialysis fluid pump 65, the
replacement fluid pump 86 and the anticoagulation fluid
pump 105. Optionally the disposable kit also comprises a
filtration unit 2 associated with the blood line 14 and the fluid
distribution circuitry. The lines 1a, 3a, 64, 8a, 104, the filtra-
tion unit 2 and the heat exchanger 11 are arranged on a support
structure 50 indicated with dashed lines for facilitated con-
nection of the lines to the pumps 1a, 356, 65, 85, 105.

The disposable kit is designed to be used together with a
CRRT machine of the type shown in FIG. 13. The disposable
kit is in use arranged on a front side of a machine 36. The
disposable kit has a blood line 14, an effluent line 3a and a
multiple of treatment fluid lines 6a, 8a, 10a. All the lines are
associated to a support structure 50 and each line has a
U-shaped portion 32 designed to cooperate with a respective
pump 34, 65, 85, 105. A filtration unit 2 is also arranged on the
support structure 50 and connected to the blood line 1a and to
the dialysis fluid line 6a. Further the heat exchanger 11 is
connected to the support structure 50 and fluidly coupled to
the effluent fluid line 3a and disposed in thermal relationship
with the treatment fluid line 6a, 8a, 10a so as to provide for
transfer of heat from the effluent fluid to the treatment fluid.

Thus in use together with a CRRT machine, the heat
exchanger 11 will be vertically arranged. Vertical arrange-
ment of the heat exchanger 11 will facilitate air bubble dissi-
pation. However, also arrangement in any other chosen posi-
tion is feasible. In FIG. 13 is further indicated bags for
containing effluent fluid 4, dialysis fluid 5, replacement fluid
7 and anticoagulant fluid 9.

The principle of a further alternative embodiment is shown
in FIG. 14. More specifically a four fluid circuit 19, 20, 21, 28
heat exchanger 11 is shown where all fluid plates 40 are equal.
When stacking the plates 40 horizontally on top of each other
every second fluid plate 40 is turned 180 degrees in a hori-
zontal plane and in relation to the orientation of the adjacent
fluid plates.

According to the embodiment shown in FIG. 14 each sec-
ondary fluid X, Y, Z is heated over three separate membranes
16.

According to the embodiment of a heat exchanger 11
according to FIG. 14 the primary fluid flow W is arranged to
alternatingly heat a first, a second and a third secondary fluid
XY, 7.

In the embodiment according to FIG. 14 the flow of pri-
mary fluid W on one side of a plate 40 is counter current to the
flow of a secondary fluid on the other side of the same plate
40.

According to the embodiment shown in FIG. 14 the first
secondary fluid X to be heated by the primary fluid W is letin
through the second inlet port 6¢ at the lower, left end of the
heat exchanger 11 and passed via the second channel 20
through the second end plate 15, the ninth membrane 167, the
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eighth fluid plate 40/ to the second interspace for secondary
fluid 1854. The first secondary fluid X is then passed along the
second interspace for secondary fluid 185 from the left in the
FIG. 14 to the right and through the eighth membrane 16/,
through the seventh fluid plate 40g, the seventh membrane
16g, the sixth fluid plate 40f, fiftth membrane 167, fifth fluid
plate 40e and to the fifth interspace for secondary fluid 18e.
The first secondary fluid X is then passed along the fifth
interspace for secondary fluid 18e from the right in the FIG.
14 to the left and through the fifth membrane 16¢, the fourth
fluid plate 404, the fourth membrane 164, the third fluid plate
40c, the third membrane 16¢, second fluid plate 4056 to the
eighth interspace for secondary fluid 18%. The first secondary
fluid X is then passed along the eighth interspace for second-
ary fluid 18/ from the left in the FIG. 14 to the right and
through the second membrane 1654, the first fluid plate 40a,
the first membrane 16¢, the first end plate 14 and through the
second outlet port 64 on the upper, right end of the heat
exchanger 11.

Corresponding fluid passages are true for the primary fluid
W and the second and third secondary fluids Y, Z and dis-
closed in the exemplary embodiment in FIG. 14.

FIGS. 3a, 35, 3¢, 10a, 105 and 14 all show a principle for
a heat exchanger where parts of the respective fluid circuits
19, 20, 21, 28 in the plates 12-15, 40 in the form of openings
24 are all visible in the cross sectional plane shown even if
they in practice are arranged in a plane different from the
cross sectional plane shown.

The term “comprises/comprising” when used in this speci-
fication is taken to specify the presence of stated features,
integers, steps or components. However, the term does not
preclude the presence or addition of one or more additional
features, integers, steps or components or groups thereof.

The reference to prior art in this specification is not, and
should not be taken as, an acknowledgment or any suggestion
that the referenced prior art forms part of the common general
knowledge in Australia, or in any other country.

The invention is not restricted to the described embodi-
ments in the figures, but may be varied freely within the scope
of the claims.

The invention claimed is:

1. A plate heat exchanger associated with a first fluid circuit
including a passage for a primary fluid and a second fluid
circuit including a passage for a first secondary fluid, wherein
the second fluid circuit is separate from the first fluid circuit,
the plate heat exchanger comprising:

a stack of fluid plates;

a plurality of membranes, wherein each membrane is sand-
wiched between a pair of fluid plates in the stack of fluid
plates;

a plurality of interspaces, wherein each interspace is
formed between one of the membranes and one of the
pair of fluid plates, and the one of the membranes is
adjacent the one of the pair of fluid plates;

wherein the passage of the first fluid circuit extends
through a first pair of the fluid plates, a first membrane
and a first interspace, and

wherein the passage for the first secondary fluid extends
through the first pair of the fluid plates, the first mem-
brane and a second interspace;

wherein at least one of the passages of the first or second
fluid circuits extends along at least a majority of a length
of the plate heat exchanger, and

a third fluid circuit separate from the first fluid circuit and
the second fluid circuit, where a passage of the third fluid
circuit for a second secondary fluid extends through a
second pair of the fluid plates in the stack of fluid plates,
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a second membrane of the membranes and through a
third interspace formed between the second membrane
and one of the fluid plates of the second pair of fluid
plates.

2. The plate heat exchanger according to claim 1 wherein
the passage of the first fluid circuit extends through at least a
fourth interspace formed between the second membrane and
a second fluid plate of the second pair of fluid plates.

3. A method for exchanging heat between the primary fluid
and the first and the second secondary fluids in a plate heat
exchanger according to claim 2, wherein the primary fluid
passing through the first fluid circuit; and the first secondary
fluid passing through the second fluid circuit and the second
secondary fluid is passed through the third fluid circuit,
wherein the method comprises:

passing the primary fluid along one side of the first mem-

brane and simultaneously passing the first secondary
fluid along another side of the first membrane and sub-
sequently passing the primary fluid along one side of the
second membrane and simultaneously passing the sec-
ond secondary fluid along another side of the second
membrane, and

exchanging heat between the primary fluid and the first

secondary fluid through the first membrane and
exchanging heat between the primary fluid and the sec-
ond secondary fluid through the second membrane.

4. The method according to claim 3 wherein the primary
fluid passes through the plate heat exchanger to alternately
heat the first and the second secondary fluids.

5. The method according to claim 3 wherein the first and
second fluid circuits are interlaced with the first fluid circuit.

6. The method according to claim 3 further comprising
dividing the primary fluid into a first and a second flow and
where the first flow is passed through the second fluid circuit
and the second flow is passed through the third fluid circuit.

7. The plate heat exchanger according to claim 1 wherein
the passage of'the first fluid circuit extends through at least six
of the interspaces.

8. The plate heat exchanger according to claim 1 further
comprising a fourth fluid circuit separate from the first, the
second and the third fluid circuits where a passage of the
fourth fluid circuit extends through fluid plates in the stack of
fluid plates and through membranes and along the fluid plates
and membranes in at least two of the interspaces.

9. The plate heat exchanger according to claim 8 wherein
the passage of'the first fluid circuit extends through at least six
of the interspaces.

10. The plate heat exchanger according to claim 8 wherein
the passage of the first fluid circuit extends through at least ten
of' the interspaces, and the passage of the second fluid circuit
extends through at least three of the interspaces, the passage
of the third fluid circuit extends through at least four of the
interspaces, and the fourth fluid circuit extends through at
least three of the interspaces.

11. The plate heat exchanger according to claim 8 wherein
the passage of the first fluid circuit extends through at least
nine of the interspaces;

the passage of the second fluid circuit extends through at

least three of the interspaces;

the passage of'the third fluid circuit extends through at least

three of the interspaces, each formed between one of the
fluid plates and one of the membranes of the at least three
of'the interspaces through which extends the passage of
the third fluid circuit, and

the passage of the fourth fluid circuit extends through at

least three of the interspaces.
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12. The plate heat exchanger according to claim 11 wherein
fluid plates in the stack of fluid plates are each substantially
similar in shape.

13. The plate heat exchanger according to claim 12 wherein
the fluid plates are divided into a first group and a second
group where the fluid plates in the first group are oriented in
a direction oriented at 180 degrees to a direction of the fluid
plates in the second group and are in a plane parallel with the
fluid plates in the second group.

14. The plate heat exchanger according to claim 8 wherein
each of'the first circuit, second circuit, third circuit and fourth
fluid circuit extend from one side of the plate heat exchanger
to an opposite side of the plate heat exchanger.

15. A method for exchanging heat between a primary fluid
and the first secondary fluid, the second secondary fluid and a
third secondary fluid in a plate heat exchanger according to
claim 8, wherein the primary fluid is passed through the first
fluid circuit and the first secondary fluid is passed through the
second fluid circuit, the second secondary fluid is passed
through a third fluid circuit and the third secondary fluid is
passed through the fourth fluid circuit, the method comprises:

passing the primary fluid along one side of the first mem-

brane and simultaneously passing the first secondary
fluid along another side of the first membrane, subse-
quently passing the primary fluid along one side of the
second membrane, and simultaneously passing the sec-
ond secondary fluid along another side of the second
membrane, subsequently passing the primary fluid
along one side of a third membrane and simultaneously
passing the third secondary fluid along another side of
the third membrane, and

exchanging heat between the primary fluid and the first

secondary fluid through the first membrane and
exchanging heat between the primary fluid and the sec-
ond secondary fluid through the second membrane and
exchanging heat between the primary fluid and the third
secondary fluid through the third membrane.

16. The method according to claim 15 wherein the direc-
tion of flow of the primary fluid is counter current to the
direction of flow of the secondary fluid.

17. The method according to claim 15 wherein the primary
fluid passes through the plate heat exchanger and alternately
heat the first, the second and the third secondary fluids.

18. The method according to claim 15 wherein at least one
of the primary fluid and the secondary fluid receives heat
through at least two of the membranes.

19. The method according to claim 15 wherein at least one
of the primary fluid and the secondary fluid receives heat
through at least three of the membranes.

20. The method according to claim 15 further comprising
the primary fluid is divided into a first flow, a second flow and
a third flow and where the first flow is passed through the
second fluid circuit, the second flow is passed through the
third fluid circuit and the third flow is passed through the
fourth fluid circuit.

21. The method according to claim 15 where the primary
fluid includes an effluent fluid and the secondary fluid is
selected from a group consisting of fresh dialysis fluid,
replacement fluid, anticoagulant fluid, blood and blood
plasma.

22. A plate heat exchanger comprising:

plates arranged in a stack;

membranes arranged in the stack, wherein each of the

membranes is between a respective pair of the plates;
interspaces in the stack, wherein each interspace is

between one of the membranes and one plate of the

respective pair of plates, wherein each interspace forms
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a fluid conduit between a port in the fluid plate adjacent
the interspace and a port in the membrane adjacent the
interspace, and the port in the fluid plate is separated
from the port in the membrane by a distance which
extends at least a majority of a length of the fluid plate; 5

supporting ridges extending from at least one of the plates
and into the interspace adjacent the at least one of the
plates having the supporting ridges, wherein the sup-
porting ridges are configured to contact the membrane
located between said at least one of the plates having the 10
supporting ridges and the other plate of the respective
pair of plates so as to form channels in the interspace
adjacent the at least one of the plates having the support-
ing ridges;

a first fluid passage extending through the plates and each 15
of the membranes, and including at least one of the
interspaces having the channels;

a second fluid passage extending through the plates and the
membranes, and including at least one of the interspaces
having the channels, wherein a fluid flow direction 20
through the one of the interspaces included in the second
fluid passage is opposite to a fluid flow direction through
the one of the interspaces included in the first fluid
passage, wherein the second fluid passage is separated
from the first fluid passage such that fluid flowing 25
through the second fluid passage does not enter the first
fluid passage; and

a third fluid passage extending through the plates and the
membranes, the third fluid passage including at least one
of the interspaces having the channels. 30
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